Purpose. To determine the validity, intra-rater reliability, and inter-rater reliability of an anchored sphygmomanometer for assessing shoulder strength during scaption, lateral rotation, and medial rotation. The hand-held dynamometer (HHD) was used as the standard measurement tool for this purpose. Methods. Fifty subjects (23 years old ±3 years) were included in the validity study. shoulder strength was assessed using an HHD and a sphygmomanometer, both anchored to a fixed ladder by an inextensible belt. Twenty-three subjects (25 years old ±3 years) were included in the reliability study. Two raters assessed strength, each taking two measurements one week apart, using the fixed sphygmomanometer. Results. Validity results showed high to very high magnitude correlations, and no differences were found between the sphygmomanometer and the HHD measurements or among trials. Intra-class coefficient of correlation (Icc) showed high reliability between measurement tools and among trials. Intra-rater results showed very high Icc, very high correlation, low coefficient of variation (cV) with adequate standard error of measurement (sEM), and minimal detectable change (MDc). Inter-rater results showed moderate to high Icc, high to very high correlation, acceptable sEM and cV, but not adequate MDc. The anchored sphygmomanometer is a low-cost tool that provides objective measurements. The results obtained from the anchored sphygmomanometer were found to be similar to those obtained from an HHD, which has a valid predictive model. Conclusions. The sphygmomanometer is suitable for monitoring shoulder strength during scaption, internal rotation, and external rotation. The anchored sphygmomanometer enables coaches and physical therapists to establish the maximal voluntary isometric contraction and monitor exercise program outcomes at a low cost. However, caution is recommended when interpreting results between raters.
Introduction
Valid and reliable assessment tools enable physical therapists and coaches to accurately develop individualized exercise programs [1] . The strength assessment is especially important for providing data to inform a treatment diagnosis and accurate reporting of measurable outcomes for patients with neurological and musculoskeletal conditions. Additionally, muscle strength is correlated with a patient's functional capacity, and its accurate assessment provides objective data for measuring progress with intervention and informing discharge planning decisions [1, 2] . sufficient muscle strength is required around the shoulder girdle to perform activities of daily living by providing stabilization for elbow and wrist movement. This proximal stability allows refined movement at the hand and fingers, providing stable muscle syn-ergy that is essential to functional upper limb movement [3] . shoulder girdle muscle weakness has been associated with supraspinatus tear and shoulder impingement syndrome [4] as well as anterior shoulder instability and superior labral tear from anterior to posterior [5] . Weak internal rotators are associated with humeral retroversion, posterior-inferior capsular contracture, and posterior rotator cuff tightness [6] . Also, the ratio of strength between the external and internal rotators affects the balance of the glenohumeral joint [7] . Muscle strength and length imbalances between these opposing muscle groups increase the risk for shoulder injuries. [8] . scaption is also a functional movement used during daily activities and requires deltoid, supraspinatus, and serratus anterior muscle activation [9] . scaption, internal rotation, and external rotation elicit high levels of muscle activity in healthy individuals and are thought to play a critical role in stabilizing the humeral head within the glenoid cavity [10] . The muscles activated during these shoulder movements are assessed to determine the condition of the rotator cuff and inform the therapist on where to focus the patient's strengthening program. An objective, low-cost assessment to detect muscle weakness could help the physical therapist during the rehabilitation process and prevent future impairments.
Muscle strength may be assessed using subjective or objective methods [11] . The manual muscle test is a subjective test most frequently used in clinical practice because it is easy to perform and has no cost. However, its reliability is low [12] , and it does not provide objective parameters for exercise prescription or treatment outcomes measurement. The isokinetic dynamometer is the gold standard for muscle strength assessment, but it is extremely expensive [1] . The hand held dynamometer (HHD) is a portable option with validity and reliability comparable to isokinetic dynamometry when assessing isometric muscle strength in several joint movements [1, 13, 14] . It is important to note the equipment's anchoring method when the strength test is performed using an HHD in order to maintain the validity and reliability [15] . A recent study achieved higher validity and reliability by using an inextensible band to keep the HHD stable while assessing knee extension strength compared to the non-fixed HHD method [14] suggesting that this adaptation could be a better way to assess muscle strength compared to non-fixed equipment [16] . Despite its usefulness and lower cost compared to an isokinetic dynamometer, the HHD is still a relatively expensive tool.
A possible alternative to the HHD is the aneroid sphygmomanometer; a well-known and low-cost tool that is commonly acquired to assess blood pressure. studies have shown moderate reliability of the sphygmomanometer, when compared to an HHD, to assess hand grip strength in Parkinson's disease [17] , upper limb muscles after stroke [2] and isometric strength of hip muscles [18] . some of those studies also showed adaptations on the sphygmomanometer, such as removing the inflatable cuff, to assess isometric muscle strength [17, 19, 20] . Nevertheless, it is important to perform strength tests without adaptations in the equipment to ensure its usefulness in daily assessments. To reinforce the tool's consistency, both adapted (the sphygmomanometer without the inflatable cuff) and non-adapted (manufacturer's original sphygmomanometer) methods showed significant and adequate correlations with the HHD, requiring only one repetition after familiarization, to properly assess the muscle strength in healthy individuals [20] .
Both hand-held dynamometry and the sphygmomanometer test (sT) have been shown to be preferable alternatives over manual muscle tests [1, 21] . The HHD has been shown to detect weakness in shoulder external and internal rotator muscles deemed normal by manual muscle testing [22] , but previous studies have only investigated the correlation between the sT and the HHD for upper limbs in patients after stroke [2, 23] . The present study aims to present novel insights about the use of the sphygmomanometer compared to the HHD. These aspects, previously unstudied, include anchoring the equipment to improve stabilization thereby ensuring values closer to those obtained using an anchored HHD. The study also aims to address issues not usually noted by other authors, such as attention to air displacement prevention and the recalibration procedure. To our knowledge, no studies are available regarding the validity of the non-adapted sphygmomanometer compared to HHD for shoulder lateral rotation, medial rotation and arm elevation in the scapular plane (scaption).
Therefore, the present study aims to assess validity, intra-rater reliability and inter-rater reliability of an anchored sT during shoulder scaption, lateral rotation and medial rotation using a hand-held dynamometer (HHD) as the standard tool of measurement.
Material and methods

Experimental approach to the problem
This study assessed the concurrent instrumental validation between the sT and the HHD. A second, parallel study assessed intra-rater and inter-rater re-
HUMAN MOVEMENT
A.c. Barbosa et al., Validity reliability sphygmomanometer shoulder liability of the sT. The selected standard tool, the HHD, is suitable to assess the sphygmomanometer validity. The HHD showed minimal differences compared to isokinetic testing (gold standard) for muscle strength measurement [1, 24] . Healthy young adults were tested twice, 1-week apart, by two raters. The relative reliability was assessed by intra-class coefficient of correlation (Icc) and Pearson's coefficient, exploring the agreement between raters and between measurements (intra-rater reliability). The absolute reliability provides the extent of measurement error by coefficient of variation (cV), standard error of measurement (sEM) and minimal detectable change (MDc).
Participants
Two sample selections for each study were carried out by public call in the city of Governador Valadares -Minas Gerais -Brazil. Table 1 summarizes the participants' characteristics for both studies. Inclusion criteria were 1) aged 30 years or less, 2) physically independent, and 3) scored higher than 21 on the Mini-Mental state Examination. Exclusion criteria were 1) self-reported shoulder pathologies, 2) cervical traumato-orthopedic injuries and/or 3) localized pain in the assessed region. Also, participants were excluded if unable to stabilize the continuous force applied over the sphygmomanometer. The usual procedure consisted of no consideration for the first impact over the sphygmomanometer, as it was usually higher than the average readings. Two participants were excluded due to inability to maintain continuous impacts over the sphygmomanometer during all trials. A post-hoc sample power analysis was carried with an effect size of 0.87 (derived from the weakest correlation analysis with r = 0.77 and sample size of 20), the alpha was set at 0.05, and the sample power was calculated using the G-Power software (Version 3.1.5, Franz Faul, Universitat Kiel, Germany). The power twotailed analysis returned an actual power of 0.99.
Materials
The maximum voluntary isometric contraction (MVIc) was assessed through an HHD (Nicholas Manual muscle test, co, Lafayette IN), considered the standard tool [20, 23, 25] . The tested tool was a new aneroid sphygmomanometer with a measuring range from 0 to 300 mmHg, division scale of 2 mmHg, cuff size 7x17x11cm, clamp in nylon non-allergic fabric, with pin locking, properly calibrated and checked by Brazilian National Institute of Metrology, Quality and Technology (INMETRo). Both instruments were positioned inside an inextensible belt which was fixed to a fixed ladder. This decision was based on a previous study that demonstrated greater reliability of MVIc measurements of the shoulder with an HHD when the tool was fixed with an inextensible belt [13] .
Procedures
Tests were performed using the sphygmomanometer and the HHD, respectively, with 15-minute intervals between each test. Two randomly assigned examiners (https://www.randomizer.org/) positioned the equipment inside the fixed belt, a third examiner read the values and a fourth one recorded and stored the results. For each movement, subjects were asked to push as hard as possible against the assessment device. The tests consisted of 3 trials of MVIc for 6 seconds each, with one minute of rest between trials. All tests were performed on the volunteers' dominant upper limbs. The dominant upper limb was determined as the limb most frequently used to write. During the sT an assistant read and recorded the results, and another assistant controlled the chronometer. calibration procedures were performed before sT data collection using 5 kg weights to verify that the equipment provided consistent measurements throughout the study [20] . The calibration procedure was performed for each volunteer as follows: (1) the sphygmomanometer was inflated (100 mmHg);
(2) the pressure was reduced to 40 mmHg, and the valve was closed to prevent leakage, providing a measurement range of 20-300 mmHg. The examiner ensured the pre-inflation of the equipment before each subject's test. To assess the intra-rater reliability, one examiner performed the sT on two different occasions with 1-week between each test. Two examiners performed the sT independently on each participant to assess inter-rater reliability.
All tests were performed on participants in the standing position. For shoulder scaption, subjects placed their arms at 90 degrees of glenohumeral elevation in the "full can" position (full can position refers to the arm at 90° of elevation in the scapular plane with glenohumeral external rotation and thumb up). The sphygmomanometer and the HHD were placed right above the distal forearm (at the wrist level). For shoulder internal and external rotation the arm was placed against the body with elbow flexed at 90 degrees. Both the sphygnamometer and the HHD were placed on the distal forearm (at the wrist level) internally and externally to respectively assess internal and external rotation. All tests were performed with the tools fixed to a belt which was anchored to a fixed ladder ( Figure 1, 2 and 3) .
The test was explained to each volunteer, and stand-ardized auditory stimulus was given to start the test by loudly repeating "go" during all tests. The first trial was used to familiarize the subject to the procedure, and the obtained mean values from the last 2 trials were used for statistical analysis.
statistical analysis
The normality was assessed by the shapiro-Wilk test. Descriptive data were presented by means and standard deviation. To analyze the concurrent validity, the linear regression analysis and the coefficient of determination were performed, and prediction equations of values in kilogram-force (Kgf) were established from data obtained through the sphygmomanom- After conversion, the paired t-test was performed to assess differences between tsT and HHD results. The correlation was calculated using the Pearson's coefficient. ANoVA 1-way and Icc were used to respectively assess differences and reproducibility among trials. The reliability was assessed using the Icc and the respective 95% confidence interval (cI). To analyze the intra-and inter-rater agreement, the cV, the Pearson's coefficient, the sEM and the MDc were used. The sEM reflects the instrument error and was calculated by dividing the standard deviation (sD) of the mean difference by the square root of 2 (sD of the differences/ 2). The MDc can be interpreted as real change and was calculated using the formula MDc = 1.96 x 2 x sEM. The magnitude of the Icc and Pearson's coefficient of correlation were classified as follows: very low ( 0.25), low (0.26-0.49), moderate (0.50-0.69), high (0.70-0.89) and very high (0.90-1.00) [23] . significance level was established at p < 0.05. BioEstat 5.0 software was used for all statistical analysis.
Ethical approval
The research related to human use has been complied with all the relevant national regulations and institutional policies, has followed the tenets of the Declaration of Helsinki, and has been approved by the authors' institutional review board or an equivalent committee.
The local ethics committee approved this study (cAAE 63883116.1.0000.5147).
Informed consent
All participants were informed about all procedures and signed an informed consent form prior to participation.
Results
Validity
None of the subjects reported any localized muscle pain or fatigue. No differences and high Icc among trials were observed (scaption, p = 0.62 / Icc = 0.75; internal rotation p = 0.70 / Icc = 0.85; external rotation, p = 0.58 / Icc = 0.85). Table 2 shows sT and HHD descriptive results for each test (scaption, internal and external rotation) and the transformed data (tsT) using the prediction equations obtained from the linear regression calculations. The coefficient of determination showed the equations as good predictors of values in Kgf from obtained values in mmHg. In systematic bias analysis by paired t-tests, no differences were noted when comparing tsT and those obtained from HHD (scaption, p = 0.99; internal rotation, p = 0.98; and external rotation, p = 0.98). significant and positive high correlations were noted (Table 3) between the sT and the HHD for all movements. Very high reliability (Icc) between transformed values and HHD results are also shown in Table 3 .
Reliability
Pearson's coefficient and Icc values denoted very high intra-reliability, with range above 0.90. For ab- r -Pearson's coefficient of correlation, 95%-cI -confidence interval, Icc -intra-class correlation coefficient solute reliability, the cV variation was above 10%, the sEM of each movement ranged from 2 to 4 mmHg. The lowest MDc was 6, and the highest was 12 mmHg. All results denoted satisfactory intra-rater reliability ( Table 4 ). The inter-rater reliability showed relative reliability Icc values ranging from moderate -for internal rotation -to high -for scaption and external rotation -with Pearson's coefficient showing high to very high results. The absolute reliability showed internal rotation's cV above 10%, with scaption and external rotation close to the limit. sEM ranged from 5 to 9 mmHg, and the MDc range was 14-26 mmHg. The absolute inter-rater reliability results suggest a systematic bias between the 2 raters.
Discussion
The results suggest that the fixed, non-adapted sT is a valid and intra-rater reliable alternative to measure muscle strength compared to the HHD technique during scaption, internal rotation and external rotation of the shoulder in healthy adults. souza et al. [20] assessed the non-adapted sphygmomanometer as a tool able to provide valid muscle strength measurements for elbow flexion, knee extension and trunk flexion. However, the same authors reported difficulties with stabilizing the equipment during the MVIc for knee extension. This type of limitation is often reported in the literature using the HHD, with higher reliability achieved only when the rater is stronger than the subject [26, 27] . studies using the HHD showed that the proficiency of the raters affects the results, and anchoring the HHD could avoid rater interference [15, 28, 29] . Both enhanced reliability and validity -as compared to the isokinetic dynamometer -were noted when the HHD was fixed compared to non-fixed trials [14] . The present study did not assess the same muscles, but the use of an inelastic belt provided stability and consistent results during sT compared to HHD tests. It is assumed that, when the belt was folded around the sphygmomanometer, its borders helped to secure the equipment, decreasing the point of contact against the limb's force compared to holding the equipment with hands. A uniform pressure was obtained when the belt was correctly folded around the center of the sphygmomanometer, leading to increased test stability, and avoiding air displacement under the belt. Thus, the anchoring procedure avoided rater interference as a potential source of bias.
Previous studies reported stability across sT results with no recalibration other than that recommended by the manufacturer [11, 20] . The current study checked the air content after each participant's tests and found air loss after every three measurements. As the calibration procedure is essential for valid and reliable values, our results suggest that new calibration for each patient is necessary to avoid wrong measurements. The adopted pre-inflation value (40 mmHg) also diverges from other studies. The most used value is 20 mmHg, but another study also suggested different pre-inflation values [30] . Tests performed prior to data collection also showed better results with 40 mmHg. The non-adapted sphygmomanometer has a larger area of contact with the limb, providing lower pressure values when an external force is applied [20] . r -Pearson's coefficient of correlation, 95%-cI -confidence interval, cV -coefficient of variation, sEM -standard error of measurement, MDc = minimal detectable change This issue became more evident using the anchored inelastic belt due to the enhanced stabilizing force applied through the surrounding area of contact and not only against the limb's counterforce. Higher pressure value was then necessary for proper calibration. Reliability studies are essential to assess the variability of an instrument to avoid misinterpretation of variables before and after interventions [17] . A previous study showed excellent test-retest reliability of the sT for shoulder internal and external rotator strength in healthy subjects (Icc > 0.90) [21] . However, a literature search found no studies that assessed the reliability of the sT for scaption. six scapular muscles are fired to increase the stability of the humeral head during scaption [31] . In this movement, the arm is elevated with full elbow extension and glenohumeral external rotation, i.e., the "full can" position, as opposed to the "empty can" position in which the thumb points to the ground (shoulder in internal rotation). It has been shown that elevating the arm in shoulder external rotation is associated with less middle deltoid muscle activity and higher supraspinatus muscle activity, reducing the superior-anterior subluxation of the humeral head. Also, external rotation moves the greater tuberosity away from the undersurface of the acromion, increasing the width of the subacromial space. These actions decrease the risk of impingement [32] . Intra-rater reliability confirmed the consistency when the same evaluator performed the procedure on different days of data collection. The inter-rater agreement, when assessed using the sEM and MDc, showed larger MDc values than the intra-rater results. The assessments performed at different times in the same individual would have variations ranging from 5 to 9 mmHg (sEM), depending on the movement, and related to measurement errors as opposed to changes in the strength status. compared to intra-rater variations (2 to 4 mmHg) and considering the 2-mmHg scale, the range was larger but not too discrepant. Also, the cV showed acceptable levels of variation, ranging from 5 to 9% among the results, not very different when compared to intra-rater trials (3 to 5%). However, the MDc showed ranges from 14 to 26 mmHg. The results indicate that changes greater than 14 to 26 mmHg, depending on the movement, has a probability of 5% of occurrence due to a random error or a random variation, very different when comparing the intra-rater results, with a range from 6 to 12 mmHg. The absolute reliability demonstrated that when assessing the shoulder movements by different raters, there is great variation with low agreement and important measurement error. Results should be interpreted with caution if the goal is to compare different rater assessments.
The present study used means from two last trials for statistical analysis -as more repetitions could reduce errors [33] -and longer resting time (1 minute among trials) compared to other studies (15-20 seconds on average) [19, 20, 23] to allow recovery after MVIc. No differences between trials were observed. other studies also noted no difference among measurements considering multiple trials, recommending one trial after familiarization to avoid fatigue and/or pain [20, 23] . Nevertheless, participants did not report fatigue or discomfort after the experiment (familiarization + 2 trials). We recommend two or more trials due to subject's adaptation to the task. Two participants were excluded due to their lack of control during all trials, suggesting the need for more familiarization. some subjects also tried to compensate by elevating the scapula or bending the trunk to increase the generated force, mainly during scaption. The examiner was aware about compensations and instructed all participants to correct their postures. Although the current shoulder and body positions for strength assessment have been studied and standardized, the assessment of shoulder strength performed with the sphygmomanometer is not free from common issues described during other strength assessments. The equipment stabilization with a belt, the required attention to prevent air displacement and the frequent recalibration are potential disadvantages of the sT. However, the method provided a valid, intra-rater reliable, low cost and portable method for shoulder strength assessment. These advantages should be considered to include the sT in clinical practice to replace manual muscle testing.
A limitation of the present study includes that the results were read and recorded by an independent assistant to ensure the internal validity of the study by blinding the principal examiner, although Martins et al. [19] adopted the same procedure. The sample also included only young, healthy participants. Further studies must include samples with different ages and pathologies to confirm the outcome. Additional limitations include not testing the equipment against the gold standard isokinetic dynamometer and testing only on upper extremities.
In conclusion, we recommend measuring shoulder strength using the sphygmomanometer which provides objective, low-cost and similar strength measurement results to those obtained from the HHD. The results from the non-adapted sphygmomanometer presented significant positive correlation and similar magnitude to those obtained by using an HHD in young, healthy subjects with valid predictive models. These models showed similar results to those obtained using the HHD. Inter-rater comparisons should be interpreted with caution.
The sphygmomanometer is a convenient, portable, valid, and intra-rater reliable tool for measuring muscle strength during scaption, internal rotation and external rotation of the shoulder. This information may assist coaches and physical therapists with exercise program planning and outcomes assessments. The strength protocol can be monitored at a low cost to establish the MVIc and its prescribed percentage to enhance strength, endurance and/or motor control. The present study used an inextensible belt anchored to a fixed ladder which provided stabilization of the sphygmomanometer during the strength tests. The stabilization of test instruments seemed to play an important role in providing reliable measurements. Also, the present study clarifies necessary actions to take when performing the sT including subject's familiarization, examiner's attention to prevent air and equipment displacement, and recalibration between tests.
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